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COATING METHOD AND COATING FILM 

FIELD OF THE INVENTION 

The present Invention relates to a method for 
5 forming a coating film having an improved resistance to 
corrosion, weather, and chipping and an excellent 
appearance and to a coating film formed by the above 
method . 

10 BACKGROUND OF THE INVENTION 

Powder coatings have been attracting a great deal 
of attention in recent years as eco-friendly paints, 
because powder coatings, which are solvent-free 
coatings, do not cause environmental pollution and are 

15 able to save resources. The scope of use of such powder 
coatings in place of solvent-based paints is expanding 
and their consumption is also on the steady increase. 

Powder coatings have so far been used not only on 
automotive bodies . residential building materials , etc. 

20 but also in the field of road-related materials such as 
guardrails and road signs. However, none of the 
conventional powder coatings are capable of providing 
all the necessary properties for outdoor use such as 
corrosion resistance, weather resistance, chipping 

25 resistance, and the appearance of the coating film. For 
example, epoxy resin powder coatings offer corrosion 
resistance and chipping resistance sufficiently but are 
not fully satisfied in weather resistance. Polyester 
resin powder coatings and acrylic resin powder coatings 

30 are satisfactory in weather resistance but not 

satisfactory enough in the resistance to corrosion and 
chipping. Epoxy-polyes ter resin powder coatings fail 
to satisfy any of those properties. 

Therefore, it has been investigated that formation* 

35 of a multi-layer coating film by using two or more KlTids 
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of powder coatings which have different abilities 
improves these properties of film. m this connection 
the forming of films from powder coatinQS ls generally 
carried out in a procedure baking after each coating 
5 For example, it is general that so-called 2 -coat / 2 - bake 
method is adopted for formation of two layered film 
However, since the multiple coating by this process 
takes much time, it is desired to develop a coating 
technology using the 2-coat/l-bake method, that is to 
> say a coating process which comprises applying two coats 
successively and then curing both coats at the same time, 
for reduction of the processing time and conservation 
of resources. 

However, in the 2-coat/l-bake system, the 
flowability in the bottom layer is inhibited by the top 
layer so that the coating particles, particularly coarse 
particles, in the bottom layer cannot flow well, thus 
giving rise to thin film spots in the top layer or the 
powders in the bottom layer migrate onto the surface of 
the top layer to detract from the final appearance of 
the coating film. 

Japanese Kokal Publication Hei-6-304519 discloses 
a method of forming a multi-layer coating films which 
comprises applying a polyester resin powder coating or 
an acrylic resin powder coating on the uncured coating 
film from an epoxy resin powder coating and heat-curing 
the two-coats at the same time. In this method, the 
chipping resistance, corrosion resistance, and weather 
resistance of the final coating film can be improved by 
designing the coatings in such a manner that the surface 
tension of the powder coating for the top layer will be 
lower than that of the powder coating for the bottom 
layer. However, because the difference of curing speed 
between the top layer and the bottom layer causes strain 
and/or shrinkage of the coating film, this method failed 
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to accomplish a sufficient Improvement In appearance. 

As a means for Improving the appearance of a coating 
film on formation from powder coatings by the 2- 
coat/l-bake method, Japanese Kokai Publication Hei- 
5 6-256692 discloses a coating method which comprises 
defining the flowability in mating stage of the powder 
coatings forming the top and bottom layers , respectively , 
so that the flowability will be larger in the top layer. 
However, since the top layer takes a long time to be cured, 
10 this coating method gives no film which is cured 

completely within a practically acceptable curing time. 
So chipping resistance, weather resistance and 
corrosion resistance of this film are not good. 

15 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
an efficient method of forming a coating film which is 
satisfied in all of corrosion resistance, weather 
resistance, chipping resistance and an excellent 

20 appearance . 

The present Invention is directed to a method for 
forming a coating film which comprises applying an epoxy 
resin powder coating (A) onto a substrate by 
electrostatic coating, half-baking the resultant 

25 uncured coat, applying a polyester resin powder coating 
(B) onto the half-baked coat by electrostatic coating, 
and baking the two uncured coats simultaneously, 
wherein the epoxy resin powder coating (A) and the 
polyester resin powder coating (B) Is such that the gel 

30 time ratio [epoxy resin powder coating (A) ]/ (polyester 
resin powder coating (B)] at 180TD is 1/1 through 1/5, 
the gel time of the epoxy resin powder coating (A) at 
160*C is 40 to 400 seconds, and the gel time of the 
polyester resin powder coating (B) at 180*C is not over 

35 500 seconds . 



DETAILED DESCRIPTION OF THE INVENTION 
In accordance with the present invention, there is 
provided a method for forming a coating film which 
comprises applying an epoxy resin powder coating (A) 
onto a substrate by electrostatic coating, half-baking 
the resultant uncured coat, applying a polyester resin 
powder coating (B) onto the half-baked coat by 
electrostatic coating, and baking the two uncured coats 
simultaneously, wherein the epoxy resin powder coating 
(A) and the polyester resin powder coating (B) is such 
that the gel time ratio (epoxy resin powder coating 
(A) J/T polyester resin powder coating (B)J at 18oX^ is 
1/1 through 1/5, the gel time of the epoxy resin powder 
coating (A) at 160*0 is 40 to 400 seconds, and the gel 
time of the polyester resin powder coating (B) at 180*C 
is not over 500 seconds. 

The type of substrate surface to which the method 
for forming a coating film of the invention can be 
applied is not particularly restricted but Includes 
metal such as phosphoric acid-treated steel, galvanized 
steel, cold-rolled steel, aluminum, stainless steel, 
zinc phosphate- treated steel, and iron phosphate- 
treated steel sheets and other members. Those 
substrates can be used as such, or after coating of a 
rust-preventive paint or an elec trodeposl t ion paint or 
after a surface treatment. Those coatings and 
treatments can be carried out alone or in combination. 
In the method for forming a coating film of the invention , 
since two kinds of powder coatings are applied to a 
substrate surface by electrostatic coating, the layers 
of the under coat and treatment are preferably thin in 
the viewpoint of coatablllty. 

The powder coatings for use in the present 
invention are an epoxy resin powder coating (A) and a 



polyester resin powder coating (B). The epoxy resin 
powder coating (A) and polyester resin powder coating 
(B) are such that their gel time ratio [epoxy resin 
powder coating ( A ) } / ( polyes ter resin powder coating 
(B) ] at 180^3 is 1/1 through 1/5 . The gel time mentioned 
above is a parameter defined in JXS K6909 and means the 
time required for conversion of a sol to a gel. The gel 
time of a powdery resin Is usually measured as follows . 
Thus, 0.5 g of a resin sample is placed on a steel sheet 
of 180*0 and. using a stainless steel spatula, spread 
into a circle about 3 cm in diameter and kneaded every 
about 1 second and the time until no threading is 
observed any longer between the sample and the spatula 
is determined. 

If the ratio of the gel time of the polyester resin 
powder coating (B) at 180*0 to the gel time of the epoxy 
resin powder coating (A) at 180*C is less than 1, a large 
strain occurs to detract from the appearance of the 
coating film and the chipping resistance of the film is 
also decreased. If the above ratio exceeds 5. a large 
shrinkage occurs in the coating film and the chipping 
resistance Is also decreased. Therefore, the above 
range should be restricted. 

The gel time of the epoxy resin powder coating (A) 
should be 40 to 400 seconds at 180*C . If the gel time 
is less than 40 seconds, the powder coating will not be 
sufficiently melted so that the flatness of the coat 
becomes worse. On the other hand, if the gel time 
exceeds 400 seconds, the curing time of the coat will 
become so long that only insufficient cure can be 
obtained within a practically acceptable cure time and 
the chipping resistance, weather resistance, and 
corrosion resistance will not be satisfactory. 
Therefore, the above range should be respected. 

Preferably, the 90% volume particle diameter of the 
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opoxy resin powder coating (A) should not be greater than 
70 urn. If the 90% volume particle diameter exceeds 70 
Atm, the coarse particles will not be melted so that 
thin-film spots will be produced In the top layer or the 
powder coating in the bottom layer will migrate onto the 
top layer to cause graining, thus detracting from the 
appearance of the coating film. 

The term "90% volume particle diameter" means the 
maximum particle diameter in the fraction comprising 90% 
of all the particles as counted from the smaller end of 
the scale in the particle size distribution, and means 
that, for example, a powder with a 90% volume particle 
diameter of x u m contains particles exceeding x tim in 
diameter in a proportion of 10% based on the total 
15 population of particles. Therefore, defining a 90% 
volume particle diameter value for the epoxy resin 
powder coating (A) results in limiting the proportion 
of particles having particle diameters exceeding the 
defined value to 10% of the total population. By 
20 definition of the 90% volume particle diameter, not so 
many coarse particles which do not melt under the heat 
applied for curing are Included. Incidentally, when 
the particle size distribution is a normal distribution, 
a powder coating with a 90% volume particle diameter of 
25 70 am corresponds to a powder coating with a volume 
average particle diameter of 35 to 50 u m . 

The preferred volume average particle diameter of 
the epoxy resin powder coating (A) is 10 to 60 Urn. If 
it is less than 10 Urn. the productivity of the powder 
30 coating will become drastically worse and the 

flowabillty of the powder coating be also decreased, 
making the powder coating difficult to work with. If 
the particle diameter of (A) exceeds 60 Urn. the coarse 
particles will not flow well, with the result that 
35 thin-film spots are formed in the top layer or the powder 
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coating of the bottom layer migrates onto the top layer 
to cause graining and detract from the appearance of the 
coating film. The epoxy resin powder coating (A) is 
a thermosetting powder coating containing an epoxy resin 
5 and a curing agent as film-forming components. 

The epoxy resin powder coating (A) can be prepared 
by kneading the epoxy resin and the curing agent 
optionally together with a curing catalyst, a pigment, 
a surface conditioner, acrylic resin and other 

10 additives . 

The epoxy resin mentioned above is not particularly 
restricted to any specific kind but is preferably a 
compound having two or more oxlrane groups within its 
molecule . As typical compounds „ glycidyl ester resins , 

15 glycidyl ether resins such as blsphenol A - 

epichlorohydrin condensate, alicyclic epoxy resins, 
flocculent aliphatic epoxy resins, bromine- con talning 
epoxy resins, phenol-novolak epoxy resins, cresol- 
novolak epoxy resins, etc. can be mentioned. 

20 The curing agent for the epoxy resin is not particularly 
restricted but Includes phenolic hydroxy 1 - con tain ing 
epoxy resins, amine type curing agents, dicyandiamlde , 
imidazole compounds. Imidazoline compounds, etc. 
Particularly preferred are epoxy resins containing 

25 phenolic hydroxyl groups. 

In the present invention, the epoxy resin powder 
coating (A) obtained by above-mentioned method is 
preferably a phenol - curable epoxy resin powder coating 
which contributes to chipping resistance of the coating 

30 film. 

The curing catalyst mentioned above Is not 
particularly restricted but includes tin compounds* 
imidazole compounds, and imidazoline compounds. The 
above-mentioned pigment is not particularly restricted, 
35 either, but Includes color pigments such as titanium 
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dioxide. Iron oxide red. Iron oxide, carbon black, 
copper phthalocyonlne blue, copper ph t halocyanlne green, 
quinacridone dyes, azo dyes. etc. and extender pigments 
such as talc, calcium carbonate, precipitated barium 
sulfate, silica, and so on. 

The above-mentioned surface conditioner Is not 
particularly restricted but Includes dime thy lsl llcone , 
me thylslllcone , and acrylic oligomers, among others. 

The other additives are not particularly restricted, 
but Include cure accelerators, plas t iclzers , 
ultraviolet absorbers, antioxidants, pigment 
dlspersants; benzoin, and benzoin derivatives available 
on addition of 1 to 3 kinds of functional groups to 
benzoin . 

The polyester resin powder coating (B) for use in 
the present invention is a coating with a gel time of 
not over 500 seconds at 180*0. If the limit of it exceeds 
500 seconds, the cure time will be so protracted that 
a sufficient curing effect cannot be obtained within a 
practically acceptable cure time and the chipping 
res is t ance , weather res is tance and corrosion res is tance 
of the coating film will be insufficient and 
unreasonable. Therefore, the above-mentioned range 
should be respected. 

The preferred volume average particle diameter of 
the polyester resin powder coating (BJ is 5 to 30 U 
m - If It is less than 5 Urn, the productivity of the 
powder coating Is decreased and the flowability of the 
powder is adversely affected, making the powder 
difficult to work with. If 30 Urn is exceeded, the 
flatness and smoothness of the coating film are 
adversely affected. Therefore, they are not preferable. 
The polyester resin powder coating (B) Is a 
thermosetting powder coating which contains a polyester 
resin and a curing agent as film-forming components. 
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Production of this polyester resin powder coating (B) 
can be carried out in the same manner as the production 
of the epoxy resin powder coating (A). Thus, the 
polyester resin powder coating (B) can be obtained by 
5 kneading the polyester resin and the curing agent 

optionally together with a curing catalyst, a pigment, 
a surface conditioner,* acrylic resin, and other 
add! t Ives . 



10 particularly restricted but includes the polyester 

resins obtainable by polymerizing polyhydrlc alcohols 
such as ethylene glycol , propanediol, pentanedlol, 
hexanedlol. neopentyl glycol, trime thy lolpropane , 
pentaerythri tol . etc. with carboxylic acids such as 

15 maleic acid, terephthalic acid, isophthalic acid. 

phthallc acid . s uccin ic acid . glutaric acid, adlplcacld, 
sebaclc acid, f) -hydroxypropion ic acid, etc. in the 
known manner . 



20 particularly restricted but Includes blocked isocyanate 
compounds and amino resins etc. 

In the present invention, the epoxy resin powder 
coating (A) is applied onto a substrate by electrostatic 
coating, and half-baking the resultant uncured coat. 
25 futher applying a polyester resin powder coating (B) 
onto the half-baked coat by electrostatic coating, and 
baking the two uncured coats simultaneously. 

The electrostatic coating with the epoxy resin 
powder coating (A) and the polyester resin powder 
30 coating (B) can be respectively carried out using a known 
electrostatic coating machine or the like. For 
insuring good corrosion resistance and chipping 
resistance, the epoxy resin powder coating (A) is 
preferably applied in a cured film thickness of 10 to 
35 70 U m . particularly 10 to SOUm. 




The above-mentioned polyester resin is not 



The curing agent for the polyester resin is not 
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The resultant uncured coat of the epoxy resin 
powder coating (A) Is half-baked. Preferably, the 
half-baking Is performed at 75 to 140 *C for 1 to 15 
minutes. The term "half -bake " means that a coat is 
treated by heating so that particles on the surface of 
uncured coat of the epoxy resin powder coating (A) can 
be melted but not so completely curing. Without 
half-baking, appearance of the coating film becomes 
worse . 

The above-mentioned polyester resin powder coating 
(B) is applied, by electrostatic coating, onto the 
half-baked coat of the epoxy resin powder coating (A). 
For insuring good weather resistance, the polyester 
resin powder coating (B) is preferably applied in cured 
film thickness of 20 to 80 U m . 

The two uncured coats, the half-baked coat of the 
epoxy resin powder coating (A) and the uncured coat of 
the polyester resin powder coating (B) are baked 
simultaneously. The above-mentioned baking is carried 
out preferably at 130 to 220*C for 10 to 60 minutes for 
a complete cure of the coating film containing two 
different powder coatings. 

In the present invention, an el ectrodepos i t ion 
coating, a solid color coating, a metallic color coating, 
or a clear coating may be optionally applied onto the 
coating film obtained as above. Those coatings can be 
applied each Independently to form a single layer or in 
a combination to form a plurality of layers. The 
coating film obtained by the method for forming a coating 
film of the Invention has a good adhesive property for 
the above-mentioned coatings. 

Also, the method for forming a coating film of the 
Invention can be used for so-called 

"Powder/Electrodeposition In verse -Coat ing System" . 
In this system, a powder coating is firstly applied to 
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a substrate, then an electrodepositlon coating, which 
has throwing power, is applied to the part of the 
substrate which is difficult to be coated by the powder 
coating . 

5 When the method for forming a coating film of the 

invention is used for the Powder /Electrodepositlon 
Inverse-Coating System, between applying the polyester 
resin powder coating (B) and baking the two uncured coat 
simultaneously, the resultant coat of the polyester 

10 resin powder coating (B) is half-baked, and an 

electrodepositlon coating is applied onto the substrate. 
The half-baking is preferably performed as the same as 
the half-baking condition of the epoxy resin powder 
coating ( A ) . 

15 The electrodepositlon coating for 

Powder/Electrodeposltion Inverse-Coa t ing Sys tern 
above-mentioned is not particularly restricted. A 
catlonic type of the electrodepositlon. such as an 
amino-modif led epoxy resin with a curing agent as a 

20 blocked isocyanate. is preferred. The condition of 
electrodepositlon can be applied to the general one for 
an automotive body. 

The method for forming a coating film of the 
invention finds application in a variety of uses where 

25 corrosion resistance, weather resistance, and chipping 
resistance are required, for example in the coating of 
road-related materials such as guardrails and road signs , 
automotive bodies, and residential building materials. 

In the method for forming a coating film of the 

30 invention comprising applying the epoxy resin powder 
coating (A) . half-baking the uncured coat, and applying 
the polyester resin powder coating (B) thereon, the 
chipping resistance and appearance of the coating film 
are satisfactory, and because the coating film consists 

35 of an epoxy resin film and a polyester resin film, it 
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offers good corrosion resistance and weather resistance. 
Furthermore, because the method for forming a coating 
film of the Invention Is so called 2 - coa t / 1 - bake method 
which comprises applying an epoxy resin powder coating 
5 (A) onto a substrate by electrostatic coating, half- 
baking the resultant uncured coat, applying a polyester 
resin powder coating (B) onto the half-baked coat by 
electrostatic coating, and baking the two uncured coats 
simultaneously, all coating process can be shortened and 

10 the energy cost can be reduced, compared with the 
conventional 2-coat/2-bake method. 

The gel time of epoxy resin powder coating (A) and 
the gel time of polyester resin powder coating ( B } are 
respectively restricted, the gel time ratio of the epoxy 

15 resin powder coating (A) to the polyester resin powder 
coating (B) is restricted to A/B « 1/1 through 1/5, and 
half-baking of the uncured coat (A) is carried out. 
Therefore, despite use of the 2 - coa t / 1 - bake system, no 
cure shrinkage occurs in the respective films so that 

20 the appearance of the final coating film can be Improved. 
Moreover, still greater improvements can be obtained in 
corrosion resistance and weather resistance. 
Furthermore, because neither the epoxy resin powder 
coating (A) nor the polyester resin powder coating (B) 

25 contains coarse particles, a further improvement in 
appearance of the coating film can be realized. 

The coating film of the invention is a coating film 
formed by the above - described method for forming a 
coating film of the invention. 

30 Since the coating film of the invention is very 

satisfactory in corrosion resistance, weather 
resistance, chipping resistance, and appearance of the 
coating film, articles covered with the coating film of 
the invention are useful for various applications such 

35 as road-related materials such as guardrails and road 
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signs and other outdoor uses such as residential 
building materials, automotive bodies, and so on. 

Examples 

5 The following examples Illustrate the present 

invention in further detail without limiting the scope 
of the invention. 
Production Example 1 

Producti on of an epoxy rasln powder coating composition 

10 Using Supermlxer (Nippon Spindle Mfg.), 100 parts 

by weight of epoxy resin (Eplkote 1004F, Yuka-Shell 
Epoxy) # 30 parts by weight of curing agent (Epicure 170, 
Yuka-Shell Epoxy). 0.3 parts by weight of curing 
catalyst (Curesol 2MZ , Shikoku Kasei Kogyo), 5 parts by 

15 weight of calcium carbonate, and 20 parts by weight of 
titanium dioxide were admixed for about 1 minute. Then, 
using Co-kneader (Buss), the mixture was melt-kneaded 
at about 95*C. After cooling at room temperature and 
crude pulverization, the pulverizate was further 

20 comminuted with Atomizer (Fuji Paudal) and classified 
to remove coarse particles with a pneumatic classify 
apparatus DS-2 (Nippon Pneumatic) and thereby provide 
an epoxy resin powder coating composition ( 1 ) with a 90% 
volume particle diameter of 62 £t m and a gel time of 71 

25 seconds at 180*0. 

Production Example 2 

Production pf an p.pnyy rftsln pnwrtftr coating nomnos 1 1 1 on 
Using Supermlxer (Nippon Spindle Mfg.), 100 parts 

30 by weight of epoxy resin (Eplkote 1003F, Yuka-Shell 
Epoxy) , 30 parts by weight of curing agent (Epicure 170, 
Yuka-Shell Epoxy), 0.05 parts by weight of curing 
catalyst (Curesol 2MZ , Shlkoku Kasei Kogyo), 5 parts by 
weight of calcium carbonate, and 20 parts by weight of 

35 titanium dioxide were admixed for about 1 minute. Then, 



using Co-Jcneader (Buss), the mixture was melt-kneaded 
at about 9SK^ . After Cooling at room temperature and 
crude pulverization, the pulverizate was further 
comminuted with Atomizer (Fuji Paudal ) and classified 
to remove coarse particles with a pneumatic classify 
apparatus DS-2 (Nippon Pneumatic) and thereby provide 
an epoxy resin powder coating composition (2) with a 90% 
volume particle diameter of 60 Urn and a gel time of 285 
seconds at 160*C. 

Production Example 3 

Product i on of a n enoxv resin powde r coatino nompoR uinn 
Using Supermlxer (Nippon Spindle Mfg.). 100 parts 
by weight of epoxy resin (Eplkote 1004F, Yuka-Shell 
Epoxy) , 30 parts by weight of curing agent (Epicure 170, 
Yuka-Shell Epoxy), 2.4 parts by weight of curing 
catalyst (Curesol C17Z, Shlkoku Kasel Kogyo), 5 parts 
by weight of calcium carbonate, and 20 parts by weight 
of titanium dioxide were admixed for about 1 minute. 
Then, using Co-kneader (Buss), the mixture was melt- 
kneaded at about 9 5*C . After cooling at room 
temperature and crude pulverization, the pulverizate 
was further comminuted with Atomizer (Fuji Paudal) and 
classified to remove coarse particles with a pneumatic 
classify apparatus DS-2 (Nippon Pneumatic) and thereby 
provide an epoxy resin powder coating composition (3) 
with a 90% volume particle diameter of 59 Urn and a gel 
time of 43 seconds at 1B0T^ . 

Production Example 4 

Product ton nf an finny v resin nowdar noafr i no *- o mno«si i-i on 
Using Supermlxer (Nippon Spindle Mfg. ) / 100 parts 
by weight of epoxy resin (Eplkote 1004F. Yuka-Shell 
Epoxy) . 3 0 parts by weight of curing agent ( Epicure 172 . 
Yuka-Shell Epoxy). 5 parts by weight of calcium 



15 

carbonate, and 20 parts by weight of titanium dioxide 
were admixed for about 1 minute. Then, using Co-kneader 
(Buss), the mixture was melt-kneaded at about 95X^„ 
After cooling at room temperature and crude 
5 pulverization, the pulverlzate was further comminuted 
with Atomizer (Fuji Paudal) and classified to remove 
coarse particles with a pneumatic classify apparatus 
DS-2 (Nippon Pneumatic) and thereby provide an epoxy 
resin powder coating composition (4) with a 90% volume 
10 particle diameter of 62 U m and a gel time of 34 seconds 
at 180t:. 

Production Example 5 

Producti on of an epoxy rp.sln powder coating composition 

15 Using Supermlxer (Nippon Spindle Mfg. ) ( 100 parts 

by weight of epoxy resin ( Epikote 1003F, Yuka-Shell 
Epoxy) , 30 parts by weight of curing agent (Epicure 170, 
Yuka-Shell Epoxy). 0.2 parts by weight of curing 
catalyst (Curesol C17Z, Shikoku Kasei Kogyo), 5 parts 

20 by weight of calcium carbonate, and 20 parts by weight 
of titanium dioxide were admixed for about 1 minute. 
Then, using Co-kneader (Buss), the mixture was melt- 
kneaded at about 95*C . After cooling at room 
temperature and crude pulverization, the pulverlzate 

25 was further comminuted with Atomizer (Fuji Paudal) and 
classified to remove coarse particles with a pneumatic 
classify apparatus DS-2 (Nippon Pneumatic) and thereby 
provide an epoxy resin powder coating composition (5) 
with a 90% volume particle diameter of 55 Um and a gel 

30 time of 442 seconds at 180t . 

Production Example 6 

ProdnnMon of an ftpoxy rasln powder coating com position 
Using Supermlxer (Nippon Spindle Mfg. ) . 100 parts 
35 by weight of epoxy resin (Epikote 1004F, Yuka-Shell 
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Epoxy) , 23 parts by weight of curing agent (Epicure 170, 
Yuka-Shell Epoxy), 7 parts by weight of curing agent 
(Epicure 172. Yuka-Shell Epoxy), 5 parts by weight of 
calcium carbonate, and 20 parts by weight of titanium 
dioxide were admixed for about 1 minute. Then, using 
Co-kneader (Buss) . the mixture was melt-kneaded at about 
95^. After cooling at room temperature and crude 
pulverization, the pulverizate was further comminuted 
with Atomizer (Fuji Paudal) and classified to remove 
coarse particles with a pneumatic classify apparatus 
DS-2 (Nippon Pneumatic) and thereby provide an epoxy 
resin powder coating composition (6) with a 90% volume 
particle diameter of 65 Urn and a gel time of 197 seconds 

at ieot:. 

Production Example 7 

Bx^&nc t l on of an ftpoxy rflsln po wder coating n om P o g iM 0 n 
Except that the pneumatic classification procedure 
was omitted, the procedure of Production Example l was 
otherwise repeated to provide an epoxy resin powder 
coating composition (7) with a 90% volume particle 
diameter of 77 Urn and a gel time of 71 seconds at 180t:. 



Production Example 8 

25 Production Of a d l CVand l ami rt ft-mrablft ppnyy r pH n 
PPWdftr conMna compn sltirm 

Using Supermixer (Nippon Spindle Mfg.), ioo parts 
by weight of epoxy resin (Eplkote 1004F. Yuka-Shell 
Epoxy), 4 parts by weight of curing agent 
30 (dicyandiamide) ,0.5 parts by weight of curing catalyst 
(Curesol 2NZ, Shikoku Kasei Kogyo). 5 parts by weight 
of calcium carbonate, and 15 parts by weight of titanium 
dioxide were admixed for about 1 minute. Then # using 
Co-kneader (Buss) . the mixture was melt-kneaded at about 
35 95*C. 
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After cooling at room temperature and crude 
pulverization, the pulverizate was further comminuted 
with Atomizer (Fuji Paudal) and classified to remove 
coarse particles with a pneumatic classify apparatus 
5 DS-2 (Nippon Pneumatic) and thereby provide an epoxy 
resin powder coating composition (8) with a 90* volume 
particle diameter of 57 /zm and a gel time of 92 seconds 

at leoX;. 

10 Production Example 9 

pro^nrM on of a pnlyesfftr rftsln nowder coat i ng 

compos t tlon 

Using Supermixer (Nippon Spindle Mfg. ) , 50 parts 
by weight of polyester resin (Finedic M8024, Dainlppon 

15 Ink and Chemicals). 30 parts by weight of curing agent 
(Aduct B-1540. Huls), 6 parts by weight of calcium 
carbonate. 35 parts by weight of titanium dioxide, and 
0.6 parts by weight of surface conditioner (CF-1056, 
Toshiba Silicone) were admixed for about 2 minutes. 

20 Then, using Co-kneader (Buss), the mixture was melt- 
kneaded at about 100*C. After cooling at room 
temperature and crude pulverization, the pulverizate 
was further comminuted with Atomizer (Fuji Paudal) to 
provide a polyester resin powder coating composition ( 1 ) 

25 with a volume average particle diameter of 23 Mm and 
a gel time of 259 seconds at ISO^C. 

Production Example 10 

Pr^nntion of a t>o1vestp,r rp.sln nowder coat i ng 

30 compos! tlon 

Using Supermixer (Nippon Spindle Mfg.), 60 parts 
by weight of polyester resin (Finedic M8020, Dainlppon 
Ink and Chemicals). 10 parts by weight of curing agent 
(Aduct B-1530. Huls), 0.4 parts by weight of curing 

35 catalyst (Neostan U- 100, NittoKasei), 5 parts by weight 
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of calcium carbonate. 30 parts by weight of titanium 
dioxide, and 0.5 parts by weight of surface conditioner 
(CF-1056, Toshiba Silicone) were mixed for about 2 
minutes. Then, using Co-kneader (Buss), the mixture 
5 was melt-kneaded at about loot;. After cooling at room 
temperature and crude pulverization, the pulverizate 
was further comminuted with an atomizer (Fuji Paudal) 
to provide a polyester resin powder coating composition 
(2) with a volume average particle diameter of 25 u 
10 m and a gel time of 195 seconds at 180^. 



Production Example 11 

Production Of a nolvester- rftsln pnvrtq r nftaf^ n a 

composition 

Using Supermlxer (Nippon Spindle Mfg.), 60 parts 
by weight of polyester resin (Flnedlc M8020, Dalnlppon 
Ink and Chemicals). 10 parts by weight of curing agent 
(Aduct B-1530. Huls), 0.5 parts by weight of curing 
catalyst (Neostan U-100. Nltto Kasel) , 5 parts by weight 
of calcium carbonate. 30 parts by weight of titanium 
dioxide, and 0.5 parts by weight of surface conditioner 
(CF-1056. Toshiba Silicone) were admixed for about 2 
minutes. Then, using Co-kneader (Buss), the mixture 
was melt-kneaded at about 100*C. After cooling at room 
temperature and crude pulverization, the pulverizate 
was further comminuted with Atomizer (Fuji Paudal) to 
provide a polyester resin powder coating composition ( 3 ) 
with a volume average particle diameter of 25 Urn and 
a gel time of 150 seconds at 180*C. 

Production Example 12 

Production Of a Polyester- t-<»s i n pnwdAr roaMng 

compos 1 t1ga 

Using Supermlxer (Nippon Spindle Mfg.). 60 parts 
by weight of polyester resin (Finedic M8020. Dalnlppon 
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Ink and Chemicals), 10 parts by weight of curing agent 
(Aduct B-1530, Huls), 0.15 parts by weight of curing 
catalyst (NeostanU-100, NittoKasel), 5 parts by weight 
of calcium carbonate. 30 parts by weight of titanium 
5 dioxide, and 0.5 parts by weight of surface conditioner 
(CF-1056. Toshiba Silicone) were admixed for about 2 
minutes. Then, using Co-kneader (Buss), the mixture 
was melt-kneaded at about lOO'C. After cooling at room 
temperature and crude pulverization, the pulverizate 
10 was further comminuted with atomizer (Fuji Paudal) to 
provide a polyester resin powder coating composition ( 4 ) 
with a volume average particle diameter of 21 U m and 
a gel time of 490 seconds at 180*C. 

15 Production Example 13 

Prprlnr.t- 1 on of a polyester resin powder coating 

Except that a centrifugal pulverizer ZM-1000 
(Nippon Seiki Selsakusho) was used for pulverization, 
20 the procedure of Production Example 9 was otherwise 
repeated to provide a polyester resin powder coating 
composition (5) with a 90% volume average particle 
diameter of 39 U m and a gel time of 259 seconds at 180*C. 

25 Production Example 14 

Production of a nolvestfir resin powder coating 
Ccomnosl 1 1 on 

Using Supermlxer (Nippon Spindle Mfg.). 60 parts 
by weight of polyester resin (Finedic M8020, Dainlppon 

30 Ink and Chemicals). 10 parts by weight of curing agent 
(Aduct B-1530, Huls). 0.10 part by weight of curing 
catalyst (Neostan U-100. Nitto Kasei) . 5 parts by weight 
of calcium carbonate. 30 parts by weight of titanium 
dioxide, and 0.5 parts by weight of surface conditioner 

35 (CF-1056, Toshiba Silicone) were admixed for about 2 
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minutes. Then, using Co-kneader (Buss), the mixture 
was melt-kneaded at about 100*C. After cooling at room 
temperature and crude pulverization, the pulverizate 
was further comminuted with Atomizer (Fuji Paudal) to 
provide a polyester resin powder coating composition ( 6 ) 
with a volume average particle diameter of 22 u m and 
a gel time of 560 seconds at 160T3. 

Production Example 15 

Production of nn P.noxv resin powdftr flna t ino nflmnosiM ft I1 
Using Supermixer (Nippon Spindle Mfg.), 100 parts 
by weight of epoxy resin (Epikote 1004F, Yuka-Shell 
Epoxy ) . 2 3 parts by weight of curing agent ( Epicure 170. 
Yuka-Shell Epoxy). 7 parts by weight of curing agent 
(Epicure 172. Yuka-Shell Epoxy). 5 parts by weight of 
calcium carbonate, and 20 parts by weight of titanium 
dioxide were admixed for about 1 minute. Then, using 
Co-kneader (Buss), the mixture was melt -kneaded at about 
95*C. After cooling at room temperature and crude 
pulverization, the pulverizate was further comminuted 
with Atomizer (Fuji Paudal) to provide an epoxy resin 
powder coating composition (9) with a volume average 
particle diameter of 25 Urn and a gel time of 197 seconds 

at leot;. 

Production Example 16 

Production of a polyester rasln p owder coating 
compns 1 Mon 

Using Supermixer (Nippon Spindle Mfg.). 60 parts 
by weight of polyester resin (Flnedlc M8020. Dainlppon 
Ink and Chemicals). 10 parts by weight of curing agent 
(Aduct B-1530, Huls) , 0.4 parts by weight of curing 
catalyst (Neostan U-100. Nitto Kasei) . 5 parts by weight 
of calcium carbonate. 30 parts by weight of titanium 
dioxide, and 0.5 parts by weight of surface conditioner 
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(CF-1056, Toshiba Silicone) were admixed for about 2 
minutes. Then, using Co-kneader (Buss), the mixture 
was melt-kneaded at about lOO^C . After cooling at room 
temperature and crude pulverization, the pulverizate 
5 was further comminuted with Atomizer (Fuji Paudal) and 
classified to remove coarse particles with a pneumatic 
classify apparatus DS-2 (Nippon Pneumatic) and thereby 
provide a polyester resin powder coating composition ( 7 ) 
with a 90% volume particle diameter of 64 Aim and a gel 
10 time of 195 seconds at 180T^. 

In Production Examples 1 to 16. the volume average 
particle diameters and 90% volume particle diameters of 
the respective powder coating compositions were 
determined using the following particle distribution 
15 analyzer under the conditions described below. 
Particle distribution analyzer: 

Microtrac HR A X-100, manufactured by Nikkiso 
Analytical software: 

MICROTRAC D . H - S- X100 Data Handling System SD- 
20 9300PRO-100 

Measuring conditions : 

Reflection of Particle Transparency 
Sample dispersing conditions: 

Each sample, 0.5 g, was placed in 50 g of 0.1% aqueous 
25 surfactant 

solution and dispersed by means of an ultrasonic washer 
(SILENTSONIC UT-105. Sharp) for 3 minutes to prepare a 
test sample. 

In Production Examples 1 to 16, the gel time was 
30 measured at 180^3 using a gelation tester (Nlsshln 
Scientific) . 
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Example 1 

A 0.8 mm - thick zinc phospha te - treat ed steel sheet 
was coated with the epoxy resin powder coating 
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composition (1) prepared in Production Example 1 in a 
cured film thickness of 30±5 V m by electorstas tic 
coating to provide a first coating layer. After 
half-baking the resultant coat at 100T3 for 5 minutes 
5 and cooling down to room temperature, the polyester 
resin powder coating composition (1) obtained in 
Production Example 9 was applied in a cured film 
thickness of 50±5 u m onto the surface of the first coat 
layer by electors t as tic coating to provide a second 
10 coating layer. The coated steel sheet was baked in a 
hot-blast drying oven at a baking temperature of 180^ 
for 25 minutes to provide a coating film test piece. 

Example 2 

15 Using the epoxy resin powder coating composition 

( 6 ) obtained in Production Example 6 in lieu of the epoxy 
resin powder coating composition (1) obtained in 
Production Example 1, the procedure of Example 1 was 
otherwise repeated to provide a coating film test piece. 

20 

Example 3 

Using the epoxy resin powder coating composition 
(3) obtained in Production Example 3 in lieu of the epoxy 
resin powder coating composition (1) obtained in 

25 Production Example 1 and the polyester resin powder 
coating composition (2) obtained in Production Example 
X0 in lieu of the polyester resin powder coating 
composition (1) obtained in Production Example 9, the 
procedure of Example 1 was otherwise repeated to provide 

30 a coating film test piece. 



Example 4 

Using the epoxy resin powder coating composition 
(7) obtained in Production Example 7 in lieu of the epoxy 
35 resin powder coating composition (1) obtained in 
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Production Example 1, the procedure of Example 1 was 
otherwise repeated to provide a coating film test piece. 

Example 5 

5 Using the polyester resin powder coat ing 

composition (5) obtained in Production Example 13 in 
lieu of the polyester resin powder coating composition 
(1) obtained in Production Example 9, the procedure of 
Example 1 was otherwise repeated to provide a coating 
10 film test piece. 



Example 6 

Using the epoxy resin powder coating composition 
(8) obtained in Production Example 8 in lieu of the epoxy 
15 resin powder coating composition (1) obtained in 

Production Example 1, the procedure of Example 1 was 
otherwise repeated to provide a coating film test piece. 

Comparative Example 1 
20 Using the epoxy resin powder coating composition 

(2) obtained in Production Example 2 in lieu of the epoxy 
resin powder coating composition (X) obtained in 
Production Example 1. the procedure of Example 1 was 
otherwise repeated to provide a coating film test piece. 

25 

Comparative Example 2 

Using the epoxy resin powder coating composition 

(3) obtained in Production Example 3 in lieu of the epoxy 
resin powder coating composition (1) obtained in 

30 Production Example 1. the procedure of Example 1 was 
otherwise repeated to provide a coating film test piece. 
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Comparative Example 3 

Using the epoxy resin powder coating composition 
(4) obtained in Production Example 4 in lieu of the epoxy 
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resin powder coating composition (l) obtained in 
Production Example 1 and the polyester resin powder 
coating composition (3) obtained in Production Example 
11 in lieu of the polyester resin powder coating 
5 composition (1) obtained in Production Example 9, the 
procedure of Example 1 was otherwise repeated to provide 
a coating film test piece. 

Comparative Example 4 

Using the epoxy resin powder coating composition 
(5J obtained in Production Example 5 in lieu of the epoxy 
resin powder coating composition (1) obtained in 
Production Example 1 and the polyester resin powder 
coating composition (4) obtained in Production Example 
12 in lieu of the polyester resin powder coating 
composition (1) obtained in Production Example 9, the 
procedure of Example 1 was otherwise repeated to provide 
a coating film test piece. 

Comparative Example 5 

Using the epoxy resin powder coating composition 
(2) obtained in Production Example 2 in lieu of the epoxy 
resin powder coating composition (1) obtained in 
Production Example 1 and the polyester resin powder 
coating composition (6) obtained in Production Example 
14 in lieu of the polyester resin powder coating 
composition (1) obtained in Production Example 9, the 
procedure of Example 1 was otherwise repeated to provide 
a coating film test piece. 

Comparative Example 6 

Using the epoxy resin powder coating composition 
(9) obtained in Production Example 15 in lieu of the 
polyester resin powder coating composition (1) obtained 
in Production Example 9. the procedure of Example 1 was 
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otherwise repeated to provide a coating film test piece. 

Comparative Example 7 

Using the polyester resin powder coating 
composition (7) obtained in Production Example 16 in 
lieu of the epoxy resin powder coating composition (1) 
obtained in Production Example 1. the procedure of 
Example 1 was otherwise repeated to provide a coating 
film test piece. 

Comparative Example 8 

The procedure of Example 1 was repeated to provide 
a coating film test piece, except no half-baking 
process . 

Comparative Example 9 

Com par-ed with the method of Japanese Kokal Publication 
Rel-6-304519 

Using Supermlxer (Nippon Spindle Mfg. ) , 100 parts 
by weight of epoxy resin (Epikote 1004F, Yuka-Shell 
Epoxy), 6 parts by weight of dihydrazlde adipate as a 
curing agent, 1 part by weight of carbon black, 50 parts 
by weight of titanium dioxide, and 0.5 parts by weight 
of benzoin were admixed for about 1 minute. Then, using 
Co-kneader (Buss), the mixture was mel t-kneaded at about 
95*C. After cooling at room temperature and crude 
pulverization, the pulverizate was further comminuted 
with Atomizer (Fuji Paudal) and classified to remove 
coarse particles with a pneumatic classify apparatus 
DS-2 (Nippon Pneumatic) to provide an epoxy resin powder 
coating composition (a-1) with a 90 % volume average 
particle diameter of 60 U m and a gel time of 210 seconds 
at 180T^. 

Using Supermlxer (Nippon Spindle Mfg.), 60 parts 
by weight of polyester resin (ER6570, Nlhon Ester) , 12 
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parts by weight of curing agent (Aduct B-1530. Huls), 
0.6 parts by weight of dibutyl tin dllaurate, 30 parts 
by weight of titanium dioxide, 0.3 parts by weight of 
benzoin and 0.6 parts by weight of surface conditioner 
(Moda flow. Mitsubishi Monsanto) were admixed for about 
1 minutes. Then, using Co-kneader (Buss), the mixture 
was melt-kneaded at about 9513. After cooling at room 
temperature and crude pulverization, the pulverizate 
was further comminuted with Atomizer (Fuji Paudal) to 
thereby provide a polyester resin powder coating 
composition^ b-1 ) with a volume particle diameter of 24 
Urn and a gel time of 50 seconds at IBO'C. 

Using the epoxy resin powder coating composition 
(a-1) in lieu of the epoxy resin powder coating 
composition (1) obtained in Production Example 1 and the 
polyester resin powder coating composition (b-1) in lieu 
of the polyester resin powder coating composition (1) 
obtained in Production Example 9 . the procedure of 
Example 1 was otherwise repeated to provide a coating 
film test piece. 



Comparative Example 10 

Compared wl i h the method of Japant»sft Ko l cai Pnhlicatlftp 

Using Supermlxer (Nippon Spindle Mfg.). 100 parts 
by weight' of epoxy resin (Eplkote 1004F, Yuka-Shell 
Epoxy) , 7 parts by weight of curing agent (Epicure 108FF. 
Yuka-Shell Epoxy). 40 parts by weight of magnesium 
silicate. 20 parts by weight of titanium dioxide, and 
1 part by weight of surface conditioner (Acronal 4F, 
BASF) were admixed for about 1 minute. Then, using 
Co-kneader ( Buss ) . the mixture was melt -kneaded at about 
95^3. After cooling at room temperature and crude 
pulverization, the pulverizate was further comminuted 
with Atomizer (Fuji Paudal) and classified to remove 
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coarse particles with a pneumatic classify apparatus 
DS-2 (Nippon Pneumatic) to provide an epoxy resin powder 
coating composition (a-2) with a 90 % volume average 
particle diameter of 65 um and a gel time of 175 seconds 
5 at 180*0. 

Using Supermlxer (Nippon Spindle Mfg.), 60 parts 
by weight of polyester resin (Flnedlc M8010, Dalnlppon 
Ink and Chemicals). 18 parts by weight of curing agent 
(Aduct B-1530. Huls). 18 parts by weight of titanium 

10 dioxide and 0.6 parts by weight of surface conditioner 
(Acronal 4F, BASF) were admixed for about 1 minutes. 
Then, using Co-kneader (Buss), the mixture was melt- 
kneaded at about 95*0. After cooling at room 
temperature and crude pulverization, the pulverizate 

15 was further comminuted with Atomizer (Fuji Paudal) and 
thereby provide a polyester resin powder coating 
composition (b-2) with a volume particle diameter of 26 
Um and a gel time of 820 seconds at 180*C. 

Using the epoxy resin powder coating composition 

20 (a-2) in lieu of the epoxy resin powder coating 

composition (1) obtained in Production Example 1 and the 
polyes ter resin powder coat ing composition (b-2) In lieu 
of the polyester resin powder coating composition (1) 
obtained in Production Example 9. the procedure of 

25 Example 1 was otherwise repeated to provide a coating 
film test piece. 

Using the test pieces prepared In Example 1 to 6 
and Comparative Examples 1 to 10, the coating film was 

30 visually evaluated for appearance of the coating film, 
in terms of graining, strain, shrinkage, and surface 
roughness, and * the chipping resistance, corrosion 
resistance, and weather resistance of the film were also 
evaluated. Evaluation of the appearance of the coating 

35 film The graining, strain, and shrinkage of the coating 
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film was visually evaluated on the following rating 
scale. The results are presented in Table 1. The 
surface roughness of the coating film was also measured 
with a surface configuration analyzer and evaluated in 
the unit of Ra value. 
(1) Criteria of graining 
O: smooth without graining 

A: some graining, yet practically acceptable 
X : a lot of graining, practically objectionable 
(ii) Criteria of strain 
O: smooth without strain 

A: some small strains, yet practically acceptable 
X; many large strains, practically objectionable 
(ill) Criteria of shrinkage 
O: smooth without shrinkage 

A: some shrinkage, yet practically acceptable 
X : much shrinkage, practically objectionable 
(lv) Evaluation of surface roughness 

The Ra value was measured with a surface 
configuration analyzer (Surfcom 470A, Tokyo Precision) . 
The measurement of Ra value was carried out at a cutoff 
value of 0.8 mm and a scanning speed of 0.3 mm/sec. The 
data are shown in Table 1. When Ra value is 0 to 0.5 
Mm, it means a good appearance of the coating film, and 
Ra value which exceeds 0.5 and is not greater than 0.8 
Mm is practically acceptable. 
E va l uation of ■ chipp i ng res i stance 

With the tost pieces of Examples 1 to 6 and 
Comparative Examples 1 to 10 being held at a temperature 
of 0*C . 50 g of No. 7 pebbles were pneumatically thrown 
under an air pressure of 4 kg/cm 3 against each test piece 
at right angles and the degree of chipping of the coating 
film was evaluated on the following criteria I chipping 
resistance (1)]. On the other hand, a solvent-based 
color coating (SUPERLAC M-100 Black, Nippon Paint) was 
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applied In a dry film thickness of 15±5 urn onto each 
of the test pieces of Examples 1 to 6 and Comparative 
Examples 1 to 10 and allowed to set at room temperature 
for 10 minutes. Then, a solvent -based clear coating 
5 (SUPERLAC O-100 Clear, Nippon Paint) was further applied 
in a dry film thickness of 30±5 U m and allowed to set 
at room temperature for 10 minutes. The test piece thus 
coated was baked at 140*C for 20 minutes to provide a 
multi-layer coating film. Those test pieces were also 
10 evaluated for chipping resistance in the same manner as 
above [chipping resistance (2)]. The results are 
respectively shown in Table 1 . 
O: no chipping exposing the substrate 

A: one or two chippings exposing the substrate which 
15 are not greater than 2 mm X 2 mm 

X : three or more chippings exposing the substrate which 
are not greater than 2 mmX2 mm or one or more chippings 
exposing the substrate which are greater than 2 mm X 
2 mm . 

20 Evaluation of corros ion resistance 

Using the test pieces obtained in Examples 1 to 6 
and Comparative Examples 1 to 10, the 500-hours test was 
performed using the apparatus and conditions directed 
in JIS K5400 9.1. The results were expressed in the 

25 distance (mm) of progression of rust from the incision 
with a Cutter Knife ( trademark) - The data are presented 
in Table 1. When the distance of progression of rust 
was not more than 1 mm, the test piece was evaluated as 
being acceptable. 

30 Evaluat ion of wflather resistance 

Using the test pieces obtained in Examples 1 to 6 
and Comparative 

Examples 1 to 10. the 500-hour test was performed using 
the apparatus and conditions directed in JIS K5400 9.8.1. 
35 The results were expressed in the retention ratio of 60 
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gloss. The data are presented in Table X. 

When the 60 ' gloss % retention ratio value was 
not less than 70%. the test piece was evaluated as being 
acceptable . 
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Example 11 

Powder/Elflct rodBDosltlnn Tnv ft r g A-PA fl f-i na 

A 0.8 mm-thlck zinc phosphate- treated steel sheet, 
which Is partly covered with a masking tape, was coated 
with the epoxy resin powder coating composition (1) 
prepared in Production Example 1 In a cured film 
thickness of 30 ± 5 xx m by electrostatic coating to provide 
a first coating layer. After half-baking the resultant 
coat at 100*C for 5 minutes and cooling down to room 
temperature, the polyester resin powder coating 
composition (1) obtained in Production Example 9 was 
applied in a cured film thickness of 50±5tfm onto the 
surface of the first coat layer by electrostatic coating 
to provide a second coating layer. The resultant coat 
was half-baked at 100*C for 5 minutes and cooling down 
to room temperature. After the masking tape was peeled 
off, a cationic elec trodeposit ion coating (Power Top 
v-50, Nippon Paint) is elec trodeposi ted at 230 V for 3 
minutes in a bath at 26*C . The coated steel sheet was 
baked in a hot-blast drying oven at a baking temperature 
of 180^ for 25 minutes to provide a coating film test 
piece. 

This test piece was coated with the 
elec trodeposi tion coating except a part coated with the 
powder coating. The part of elec trodeposi t ion coating 
is the part uncoated with the powder coating by the 
masking tape and the reverse of the powder coating side. 
The appearance of the powder coating part and the 
elec trodeposi tion coating part Is excellent 
respectively by visual comparison. 

From the above results, it was found that both 
weather resistance and corrosion resistance are 
unsatisfactory when the two layers are derived from 
epoxy resin powder coatings (Comparative Example 6) or 
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the two layers are derived from polyester resin powder 
coatings (Comparative Example 7). It was also found 
that even in cases in which the first layer is derived 
from an epoxy resin powder coating and the second layer 
5 is derived from a polyester resin powder coating* when 
the gel time of the powder coating forming the first 
layer exceeds 400 seconds as in Comparative Example 4 
or the gel time of the powder coating forming the second 
layer exceeds 500 seconds as in Comparative Example 5 , 

10 both corrosion resistance and weather resistance are 
unsatisfactory- Xn Comparative Example 1 and 
Comparative Example 2 wherein the gel time ratio (A)/(B) 
of the powder coatings forming the first and second 
layers is outside the range of 1/1 through 1/5, graining 

15 and shrinkage occurred to detract from the appearance 
of the coating film and the chipping resistance was also 
poor- In Comparative Example 3, wherein the gel time 
ratio (A)/(B) was within the above-mentioned range but 
the gel time of the powder coating forming the first 

20 layer was less than 40 seconds, the film surface was too 
rough to be practically acceptable. 

While the appearance of the coating film, corrosion 
resistance, weather resistance, and chipping resistance 
were all satisfactory in Examples 1 to 6, the 

25 corresponding test pieces further coated with the solid 
color paint and clear coat paint and baked to form a 
multi-layer film were also satisfactory in chipping 
resistance, indicating good adhesion to those paints and 
attesting to the usefulness of the coating film of the 

30 Invention as an an ti - chipping primer. 

In Comparative Example 8. the second layer was 
applied onto the no half-baked first layer, and 
therefore* the powder coatings of the second layer 
appeared to partially get into the powder coatings of 

35 the first layer, with result In poor Ra . 
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Compared with a method of Japanese Kokal 
Publication Hei - 6 - 304 5 1 9 . Comparative Example 9 is not 
satisfied in Ra and chipping resistance. 
This shows that the control of gel time ratio (A)/(B) 
is more effective for Ra and chipping resistance than 
the the control of surface tension of the film. 

On the other hand, compared with a method of 
Japanese Kokal Publication Hei - 6 - 25 6 6 9 2 , the gel time 
of epoxy resin powder coating (a-2) in Comparative 
Example 10 exceeds 400 seconds so that it is not able 
to get a film which cured completely- 
Having the above constitution, the method for 
forming a coating film of the present invention, the 
2-coat/l-bake method even containing half-baking 
process enables Implementation of reduced coating 
process time and reduced energy cost, compared with the 
conventional 2 - coa t /2 - bake method. Using two kinds of 
powder coatings which have different abilities, the 
method provides a coating film with improved corrosion 
resistance, weather resistance, chipping resistance, 
and appearance of the coating film. The method for 
forming a coating film of the invention can be used for 
Powder/Electrodeposition Inverse - Coat ing System. 
This coating film can be used as a primer coat or a top 
coat in the coating of metallic substrates. Because the 
coating film is very satisfactory in corrosion 
resistance, weather resistance, chipping resistance, 
and appearance of the coating film, it can be used 
advantageously in outdoor applications, for example 
road-related materials such as guardrails and road signs, 
residential building materials, and automotive bodies- 
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CLAIMS 

1. A method for forming a coating film which comprises 
applying an epoxy resin powder coating (A) onto a 
substrate by electrostatic coating, half-baking the 
resultant uncured coat, applying a polyester resin 
powder coating (B) onto the half-baked coat by 
electrostatic coating, and baking the two uncured coats 
simultaneously, 

wherein said epoxy resin powder coating (A) and said 
polyester resin powder coating (B) is such that the gef 
time ratio [epoxy resin powder coating { A ) J /{ polyester 
resin powder coating (B)J at 180^3 is 1/1 through 1/5, 
the gel time of said epoxy resin powder coating (A) at 
180*0 is 40 to 400 seconds, and the gel time of said 
polyester resin powder coating (B) at 180*0 is not over 
500 seconds . 

2. The method for forming a coating film according to 
Claim 1 wherein half-baking is performed at 75 to 140 *C 
for 1 to 15 minutes. 

3. The method for forming a coating film according to 
Claim 1 or 2 wherein said epoxy resin powder coating (A) 
has a 90% volume particle diameter of not greater than 
70 Vm. 

4. The method for forming a coating film according to 
Claim 1 # 2 or 3 wherein said polyester resin powder 
coating (B) has a volume average particle diameter of 
5 to 30 Mm. 

5. The method for forming a coating film according to 
Claim 1,2,3 or 4 wherein said epoxy resin powder coating 
(A) is a phenol-curable epoxy resin powder coating. 
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6. The method for forming a coating film according to 
Claim 1,2.3, 4 or 5 wherein between applying said 
polyester resin powder coating (B) and baking the two 
uncured coat, half-baking the coat of eaid polyester 
resin powder coating (B), and applying an 
electrodeposl t ion coating onto the substrate are 
further performed . 

7. A coating film formed by the method for forming a 
coating film of Claim 1. 2, 3, 4, 5 or 6. 

8- A method for forming a coating film substantially 
as hereinbefore described with reference to the Examples 

9, A coating film formed by the method of claim 8* 
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